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FOREWORD 

This r epor t  descr ibes  the  progress made i n  September 1963 on 

work performed i n  the  Research Division of National Research Corpo- 

r a t i o n  under Contract No, NASw-734 for t h e  National Aeronautics and 

Space Administration 

The genera l  ob jec t  of t h e  work i s  t o  ob ta in  add i t iona l  in -  

formation as t o  t h e  condi t ions under which metals  and a l l o y s  of engi- 

neering importance f o r  space appl ica t ions  w i l l  adhere t o  one another 

w i t h  s u f f i c i e n t  t e n a c i t y  to hinder  the  relative motion or  subsequent 

s epa ra t ion  of components of mechanical and electrical  devices used 

i n  space explora t ion ,  Such devices inelude bear ings,  solenoids ,  

valves ,  s l i p  r i n g s g  mating f langes ,  conica l  rendezvous mating su r -  

faces  and similar components. 

- i- 



After s eve ra l  more at tempts  t o  ob ta in  a beam of  xenon ions 

s u i t a b l e  f o r  specimen cleaning lay spu t t e r ing ,  work on t h e  ion guns 

w a s  postponed t o  permi t  t he  performance of a d d i t i o n a l  adhesion t e s t s .  

Two runs were made; one using f la t  faces  as before  after wire-brushing 

i n  vacuum, and one using c h i s e l  edged specimens meeting crosswise. 

In both runs s o f t  copper w a s  t r i e d  aga ins t  s o f t  copper, s o f t  1018 

steel ,  s o f t  440C s t e e l ,  s o f t  4140 steel ,  s o f t  Cu-Be a l l o y  and s o f t  

t itanium 

In t h e  second run, using t h e  c h i s e l  edged specimens, s o f t  1018 

steel w a s  t r i e d  aga ins t  s o f t  1018 steel  and soft t i tanium aga ins t  

s o f t  t i tanium. f ie c h i s e l  edged ageebens were not w i r e  brushed and 

i n  s p i t e  of t he  l a rge  amounts of deformation and s l i d i n g  which oc- 

cured, no adhesion w a s  obtained even between soft copper specimens. 

Due t o  f a i l u r e  of t h e  w i r e  brushing device,  l a rge  por t ions  o f  t h e  

mating sur faces  of the f l a k  specimens were not  touched by t h e  brush. 

Adhesion occurred only between t h e  f l a t  f aces  of so f t  copper partial-  

l y  w i r e  brushed i n  vacuum. 

specimens wire  brushed i n  air  and subsequently pressed toge ther  i n  

vacuum 

It d i d  not occur between soft copper 



~ ION GUN EXPERIMENTS 

The ion  guns w e r e  described i n  t h e  f irst  q u a r t e r l y  r epor t .  They 

are of t h e  type which r equ i r e s  t h e  establishment of a small volume of 

i n t ense ly  ionized gas on one s i d e  of a small o r i f i c e  and t h e  ex t rac-  

t i o n  of i ons  i n t o  a r e l a t i v e l y  goodvacuum on t h e  o the r  s i d e  of t h e  

1 

I 

, o r i f i c e  by a conica l  high vol tage  electrode.  

i s  provided t o  help keep t h e  zone of i on iza t ion  o r  plasma near  t h e  

An a x i a l  magnetic f i e l d  

center .  

t o  maintain t h e  plasma on t h e  high pressure (20 t o  100 microns) 

s i d e  of t h e  o r i f i c e .  The amount of ion cur ren t  obeainable from such 

Some guns of t h i s  type use hot  cathodes,  and some use r-f 
I 

I 

~ 

guns depends l a r g e l y  on t h e  degree of i on iza t ion  of the gas j u s t  i n  

f r o n t  of t h e  o r i f i c e ,  Obtaining current  equivalent  t o  complete 

i o n i z a t i o n  requi res  extremely intense arc type discharges and t h e  
I 

I a t tendant  use of water cooling refraceory materials, ete .  

1 

I o r i f i c e  a t  3 x esrr)  i s  about 3 x IO+ tsrr-l i ter/sec.  com- 

Since a flow sf onby "177 torr-Iiter/sec. r ep resen t s  one ampere 

of s i n g l y  charged ions  and s ince  t h e  flow of xenon involved (.OlO" 

p l e t e  i o n i z a t i o n  and ex t r ac t ion  would correspond t o  about 1 .0  ma. 

Since only impingements s$subd be requi red  f o r  cleaning 

and one ampere corresponds t o  6.24 x 10l8 impingement per second, 

a cu r ren t  of about 1 micro-ampere should be s u f f i c i e n t  f o r  cleaning 

i n  1000 seconds,  

through t h e  o r i f i c e  must be ionized and guided to t h e  specimen. 

I 

~ 

This means t h a t  a t  least 0.1% of t h e  gas  passing 

I 
I 

I It w a s  f e l t  t h a t  t h i s  should be possible  using a low power r-f 
l 

o r  d-c glow discharge a t  lop' t o  l o p 2  t o r r ,  concentrated by pema- 

nent  magnets 

I 
. 

$ 4  L 
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The major d i f f i c u l t y  bas been t h e  i n a b i l i t y  t o  see t h e  discharge.  

It is  bel ieved t h a t  a simple r - f  discharge between t h e  i n l e t  cone 

and t h e  o r i f i c e  p l a t e ,  as o r i g i n a l l y  planned, w i l l  s u f f i c e  if win- 

dows f o r  viewing t h e  discharge are provided, The next s t e p  i n  per- 

f e c t i n g  t h e  guns is  t o  mount one i n  a g l a s s  tube on a separa te  

system and run tests using argon, 

t 
I 
I 

I ADHESION E X P E " E S  

Two more runs were wade i n  the  adhesion t e s t i n g  apparatus.  

The materials t e s t e d ,  t h e  t e s t i n g  conditions and t h e  r e s u l t s  of 

t hese  are recorded in Tables 1 and 2 .  
j 

Ir, t h e  first rua, (Table 1) f l a e  s p e c ~ e ~ . ? ~  ef Che rzsual type 

were used i n  an attempt t o  determine whether s o f t  copper would 

s t i c k  t o  o the r  metals as tenaciously as t o  i t se l f  after w i r e  brush- 

ing i n  vacuum, 

l y  Reporto ) Unfortunately,  t h e  w i r e  brushing device became m i s -  

a l i gned  af ter  brushing t h e  f i r s t  specimen p a i r  and it w a s  d i s -  

l 

(This represents  p a r t  o f  Task D - see F i r s t  Quarter- 

covered on subsequent examination that only p a r t  of t h e  sur face  

of each specimen had. a c t u a l l y  been brushed. As shown i n  t h e  t a b l e ,  

no adhesion occurred except between s o f t  copper and i t se l f  and even 

i n  t h i s  case t h e  cshesive force  was  only h a l f  t h a t  previously 

measured f o r  w e l l  brushed specimens 

As shown by Test No, 1 of Table 1, no cohesion occurs between 

s o f t  copper i f  t h e  w i r e  brushing i s  done i n  a i r  in s t ead  of i n  t h e  

vacuum, Therefore,  the cleaning effect of t h e  brushing must be 
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more important than t h e  roughening e f f e c t ,  and severe cohesion 

poss ib ly  equivalent  t o  t h a t  observed i n  t h e  previous program be t -  

ween f r e s h l y  f r a c t u r e d  sur faces ,  remains a p o s s i b i l i t y  f o r  r e a l l y  

c lean  sur faces .  

such as ion  bombardment o r  grinding o r  machining i n  vacuum w i l l  re- 

so lve  t h e  matter - s ince  w e  cannot be su re  how thorough t h e  w i r e  

brush cleaning is ,  even when a l l  t h e  sur face  appears t o  have been 

scratched by t h e  brushe 

Only comparison with some o the r  c leaning method 

In  t h e  second adhesion tes t  run (see Table 2 )  a new kind  of 

specimen w a s  used. 

def ine t h e  width of t h e  f l a t  f ace  were widened till they m e t  a t  t h e  

cen te r ,  forming a 90" c h i s e l  edge (zero face width).  Thus a tes t  

cons is ted  sf pushing crossed c h i s e l  edges toge ther  a t  r i g h t  angles 

t o  one another.  

of deformation with the force  ava i lab le ,  i , e .  t o  s imulate  severe 

roughness o r  mismatch. Specimen p a i r s  of both equal  and unequal 

hardness were represented as shown by t h e  t a b l e .  

nesses  t h e  deformation w a s  equal on each s i d e  and l i t t l e  o r  no 

s l i d i n g  occurred. For unequal hardnesses a l l  of t h e  deformation 

occurred i n  t h e  s o f t e r  specimen and severe s l i d i n g  must have oc- 

curred.  

amounts of deformation and s l i d i n g  no measurable adhesion occurred. 

The usual  45" beveled edges previously used t o  

This w a s  done i n  order t o  provide a l a rge  amount 

For equal  hard- 

No w i r e  brushing w a s  attempted, In  s p i t e  of t h e  l a r g e  

This w a s  an unexpected r e s u l t ,  and must mean t h a t  t h e  oxide 

l a y e r  on copper can withstand considerable s t r e t c h i n g  and s l i d i n g  

without  rupture .  

though 

It a l s o  means t h a t  deformation and s l i d i n g  

poss ib ly  necessary are not  always s u f f i c i e n t  condi t ions 



f o r  adhesion. 

present  a t  8 x 10'' t o r r  after t h e  250°C bake out .  

a foregone conclusion t h a t  severe cohesion would have occurred, 

a t  least  between t h e  two soft copper specimens, had w i r e  brushing 

o r  o ther  e f f e c t i v e  cleaning method been used, In  fact ,  t h i s  type 

of specimen looks very promising f o r  c l a s s i f i c a t i o n  of material 

p a i r s  according t o  t h e i r  s t i c k i n g  tendencies Ion bombardment 

c leaning i s  even more e f f i c i e n t  a t  an impingement angle  of 45" 

(normal t o  a c h i s e l  edge) than a t  90". 

na t e  t h e  experimental  program. 

It i s  bel ieved t h a t  no mobile adsorbed f i l m s  were 

It i s  almost 

These experiments termi- 

Continuation of these  tests using var ious cleaning methods 

seems w e l l  worthwhile. Numerous specimens are on hand. 

FUTLJRE PLANS 

Draft ing of t h e  f inal .  r epor t  w i l l  begi.n a t  once, The f i n a l  

r e p o r t  w i l l  contain recommendations f o r  further s tud ie s .  


